In this work we obtain an analytic and well behaved solution to Einstein's field equations describing anisotropic matter distribution. It's achieved in the embedding class one spacetime framework using Karmarkar's condition. We ansatz the metric potential g tt corresponding to Wyman IIa solution. The obtained model is representing some strange star candidates such as Cen X-3, LMC X-4 and 4U 1538-52. A graphical analysis shows that our model is free from physical and geometric singularities and satisfies all the physical admissibility conditions from the physical and mathematical point of view.
I. INTRODUCTION
Due to the highly non linear behavior of Einstein's field equations, it remains a great challenge to obtain solutions that meet the requirements in order to be an admissible solutions from both physical and mathematical point of view [1] . The early works by Schwarzschild [2] , Tolman [3] and Oppenheimer and Volkoff [4] on self gravitating isotropic fluid spheres, established (as was pointed out by Murad [5] ) two classical approaches that can be followed in order to solve Einstein's equations. The first one consists in make a suitable assumption for one of the metric functions or for the energy density. This leads to the remaining unknown variables, that is the isotropic pressure and the other metric potential. However, in the framework of this scheme not always is possible to obtain an acceptable solution (sometimes one obtain nonphysical pressure-density configurations). The second approach start with an equation of state which is integrated (iteratively from the center of the compact object) until the pressure vanished indicating that the object surface has been reached. As before, this scheme also presents some drawbacks since it does not always lead to a closed form of the solutions.
On the other hand, a stellar configuration not necessary needs to meet the isotropic condition at all (equal radial p r and tangential p t pressure). In fact the theoretical studies by Ruderman [6] , Canuto [7] [8] [9] and Canuto et. al [10] [11] [12] [13] revealed that when the matter density is much higher than the nuclear density, it may be anisotropic in nature and must be treated relativistically. So, relaxing the isotropic condition and allow the presence of anisotropies (it leads to unequal radial and tangential pressure p r = p t ) within the stellar configuration represent a more realistic situation in the astrophysical sense. Furthermore, the pioneering work by Bowers and Liang about [14] local anisotropic properties for static spherically symmetric and relativistic configurations, gave rise an extensive studies within this framework, specifically studies focused on the dynamical incidence of the anisotropies in the arena of equilibrium and stability on collapsed structures . Moreover, as Mak and Harko have argued [37] , anisotropy can arise in different contexts such as: the existence of a solid core or by the presence of type 3A superfluid [42] , pion condensation [43] or different kinds of phase transitions [44] .
Over the years many researches have successfully addressed the study and understanding of the role played by the anisotropy in stellar interiors . The presence of anisotropy introduces several features in the matter distribution, e.g. if we have a positive anisotropy factor ∆ ≡ p t − p r > 0, the stellar system experiences a repulsive force (attractive in the case of negative anisotropy factor) that counteracts the gravitational gradient. Hence it allows the construction of more compact objects when using anisotropic fluid than when using isotropic fluid [28, 35, 37] . Furthermore, a positive anisotropy factor enhances the stability and equilibrium of the system.
In recent years, the use of the embedding class one spacetime via Karmarkar [79] condition as a systematic and powerful method to obtain new and relevant solutions from the Einstein field equations, has increased . For a spherically symmetric 4-dimensional spacetime, the Karmarkar condition in terms of curvature components takes the form
However, as was pointed out by Sharma and Pandey [113] , the above condition is not enough to spherically symmetric 4-dimensional spacetime render to be class one. So, in order to be class one a 4-dimensional manifold must satisfies
along with (1). As we will see later equations (1) and (2) arrive to a particular differential equation that links the two metric components e ν and e λ . Therefore, one only needs to specify one of the metric potential. Finally the rest of the physical quantities like pressure, density, sound speed, anisotropy, etc. can be completely determined from e ν and e λ .
The outline of the paper is as follows: Section II presents the Einstein's field equations for anisotropic matter distributions and the approach followed in order to solve them, in section 
The primes denote differentiation with respect to the radial coordinate r. From now on relativistic geometrized units are employed, that is c = G = 1.
So, combining the expressions (6) and (7) we get
where ∆ is called the anisotropy factor which measures the anisotropy inside the star.
A. Karmarkar condition
At this stage we have five unknown function, namely ν, λ, ρ, p r and p t . In order to solve the system of equations (5)- (7) we employ the method used by Karmarkar [79] The non zero component of the Riemann curvature tensor for the line element (18) are
then all the above components of Riemann curvature satisfy Karmarkar condition [79]
However, as was pointed out by Pandey and Sharma [113] , the above condition is only a necessary one but it is not sufficient to spacetime becomes class one. In order to be class one a spacetime must satisfies (13) along with R 2323 = 0 [113] .
On substituting (9)- (12) in (13) we obtain the following differential equation
with e λ = 1. Solving (14) we arrive to
where C is an integration constant. Expression (15) establishes a relationship between the metric potentials e ν and e λ .
B. Relativistic embedding class one solution
To solve the above equation (15), we have chosen the potential e ν corresponding to the Wyman IIa solution [114] (it corresponds to a special case of Tolman VI solution [3] )
where A and B are constant parameters. Employing (16) into (15) we get
The obtained potential (17) resemble us g rr Finch-Skea potential [115] . So, the class one spacetime reads
where dΩ 2 ≡ sin 2 θdφ 2 + dθ 2 . On using (16) and (17), we can rewrite the expression of ρ, p r , p t and ∆ as
III. JUNCTION CONDITIONS
In order to find the arbitrary constants A, B and C we must match our interior solution (18) to the exterior Schwarzschild solution at the boundary of the star. The line element of the exterior Schwarzschild solution [2] is given by
For this purpose we will use the Israel-Darmois junction conditions [116, 117] . Now at the boundary r = R the coefficients of g tt and g rr all are continuous. This implies
On the other hand, the null radial pressure condition at the boundary
leads to
Equations (24), (25) and (27) are the necessary and sufficient conditions to determine the constants A, B and C. In addition, the values of the massM and the radius R have been established based on the obtained data from some strange star candidates such as: Cen X-3, LMC X-4 and 4U 1538-52 [118] . In table I are displaying the values of the constant parameters A, B and C for each strange star candidate.
IV. PHYSICAL ADMISSIBILITY FEATURES
In order to be physically meaningful, the interior solution for static fluid spheres must satisfy some more general physical requirements. The following conditions have been generally recognized to be crucial for anisotropic fluid spheres [29] 1. The solution should be free from physical and geometric singularities and non zero positive values of e λ and e ν i.e. (e λ ) r=0 = 1 and e ν > 0.
2. The radial pressure p r must be vanishing but the tangential pressure p t may not vanish at the boundary r = R of the sphere. However the radial pressure equal to the tangential pressure at the centre of the fluid sphere.
3. The density ρ and pressures p r , p t should be positive inside the star.
4.
dpr dr r=0 = 0 and
< 0 so that pressure gradient dpr dr is negative for 0 < r ≤ R.
5.
dpt dr r=0
= 0 and
< 0 so that pressure gradient dpt dr is negative for 0 < r ≤ R.
( dρ dr
) r=0 = 0 and
< 0 so that density gradient dρ dr is negative for 0 < r ≤ R.
The condition (4), (5) and (6) imply that pressure and density should be maximum at the center and monotonically decreasing towards the surface. 9. The central red shift Z 0 and surface red shift Z R should be positive and finite i.e.
Z 0 = e −ν(r)/2 − 1 r=0 > 0 and Z R = e λ(r)/2 − 1 r=R > 0 and both should be bounded.
V. PHYSICAL ANALYSIS
In this section we will analyze the foregoing criteria of the section IV in order to investigate if the present model is admissible and a well behaved solution to Einstein's field equations.
A. Metric potentials and thermodynamic observables
From expressions (16) and (17) is clear that the present model is free from physical and geometric singularities as can be seen evaluating at the center r = 0 of the compact configuration e λ(r) | r=0 = 1 and e ν(r) | r=0 = A 2 . Fig. 1 shows the positive monotonically increasing behaviour of both metric potentials (16) and (17) within the compact star. Respect to the density energy ρ, radial p r and tangential p t pressures they must have their maximum values at the center of the star and monotonically decreasing behaviour towards the surface. Moreover, the radial pressure p r must vanish at the boundary Σ, defined by r = R. The central values of ρ, p r and p t can be obtained from expressions (19) , (20) and (21) yielding to
From (30) we get
and using Zeldovich's condition [119] p r (0)
Therefore, any A or B should be negative in order to ensure the positiveness of p r and p t inside the configuration. Fig. (2) shows that all the above quantities are well behaved within the star. At this stage is worth mentioning that the present model exhibits a positive anisotropy factor ∆, it can be seen in figure (2) panel c) where p t > p r then ∆ > 0. Thus the object is subject to a repulsive force that counteracts the gravitational gradient, this fact allows the construction of more compact structure [28] . Fig. 3 shows the behaviour of the anisotropy factor ∆. It vanishes at r = 0, that is so because at the center the effective radial and transverse pressures coincide. On the other hand, as the radius increases the values of these quantities drift apart, and therefore the anisotropy increases toward the surface of the object. Furthermore Fig. (4) shows that Zeldovich's condition is satisfies everywhere inside the object. Table II reports values corresponding to central and surface density which are according to the expected ranges for a star formed by a quark fluid, also radial pressure and Zeldovich's condition are reported at the center of the star. how the radial p r and tangential p t pressure drift apart towards the surface.
B. Energy conditions
Within the anisotropic matter distribution the energy should be positive. In order to ensure it, the energy-momentum tensor has to obey the null energy condition (NEC), the weak energy condition (WEC) in both tangential and radial direction, the strong energy condition (SEC) and the dominant energy conditions (DEC) in both tangential and radial direction [120, 121] :
Figures (5), (6) and (7) shown that all the above inequalities are satisfied within the object.
Therefore we have a well behaved energy-momentum tensor.
FIG. 3:
The anisotropy factor ∆ against the dimensionless radial coordinate for Cen X-3, LMC X-4 and 4U1538-52 for the parameters given in table I. 
C. Mass function and compactness factor
In the study of spherically symmetric and static distributions associated with a perfect fluid, the maximum limit of the mass-radius ratio must satisfy the following upper bound u =M /R < 4/9 (in the units c = G = 1) [122] . Nevertheless, in the presence of an anisotropic matter distribution this limit is more general [123] . However, it can be obtained from the relationship between e λ and mass function m(r), i.e.
Thus, we get the expression of the mass function as
The compactness factor u for the model is obtained as Fig. (8) displays the mass function and the compactness factor u. Table III shows the corresponding compactness factor for each strange star candidate chosen in this work. 
D. Surface and central redshift
Related to the surface redshift, it can be calculated using the compactness factor u given by (36) , as follows
explicitly it reads
The presence of a positive anisotropy factor ∆ > 0 does not impose an upper limit on the surface redshift Z s . In distinction with what happens in the case of isotropic distributions, where the maximum value that the surface redshift Z s can reaches is Z s = 4.77 [14] . Therefore, the surface redshift for anisotropic matter configurations is greater than its isotropic counterpart. On the other hand the central redshift Z 0 can be obtained as follows
Figure (9) 
VI. EQUILIBRIUM AND STABILITY CONDITIONS
A. Causality condition and Abreu's criterion
An admissible anisotropic solution to the Einstein's field equations must satisfies causality condition ı.e both the radial v r and tangential v t sound speeds inside the object are less than the speed of light c (in relativistic geometrized units the speed of light becomes c = 1 ).
Explicitly it reads
v r (r) = dp r (r) dρ(r) ≤ 1 (40) v t (r) = dp t (r) dρ(r) ≤ 1.
As shown in figure 10 both speeds fulfill the above requirement.
The stability of anisotropic stars under the radial perturbations is studied by using the concept known as cracking [26] . Based on it Abreu et. al. [39] established another alternative to study the stability of a self-gravitating anisotropic fluid sphere. This approach states that the region is potentially stable where the radial speed v r of sound is greater than the transverse v t speed of sound. This implies that there is no change in sign v 
B. Relativistic adiabatic index
Another relevant aspect in the study of stability of compact anisotropic matter distriburions is related with the relativistic adiabatic index Γ inside the compact object [15, 124] .
It is well known from the studies about Newtonian isotropic fluid spheres that the collapsing condition correspond to Γ < 4/3. In distinction with the relativistic counterpart this condition becomes [25, 27] 
where ρ 0 , p r0 and p t0 are the initial density, radial and tangential pressure when the fluid is in static equilibrium. The second term in the right hand side represents the relativistic corrections to the Newtonian perfect fluid and the third term is the contribution due to anisotropy. It is clear from (42) that in the case of a non-relativistic matter distribution and taking p r be equal to p t ı.e ∆ = 0, the bracket vanishes and we recast the collapsing Newtonian limit Γ < 4/3. On the other hand, Heintzmann and Hillebrandt [15] showed that in the presence of a positive and increasing anisotropy factor ∆ = p t − p r > 0, the stability condition for a relativistic compact object is given by Γ > 4/3, this is so because positive anisotropy factor may slow down the growth of instability. Due to the fact that gravitational collapse occurs in the radial direction, it is enough to analyze the adiabatic index in such direction. So, the adiabatic index is given by [23] Γ = ρ + p r p r dp r dρ .
We can see from figure 12 that the model is in complete agreement with the condition Γ > 4/3. Then the model is stable. Table III shows the exact values for Γ, all of them being greater than 4/3 everywhere inside the configuration.
C. Equilibrium under three different forces
The equilibrium of the system lies on the Tolman-Oppenheimer-Volkoff (TOV) equation [3, 4] . In this case the equilibrium of the anisotropic fluid sphere is under three different forces. This forces are the hydrostatic force F h , the gravitational force F g and the anisotropic repulsive force F a introduced by the presence of a positive anisotropy factor ∆. In fact, the hydrostatic force F h and the anisotropic repulsive force F a counterbalance the gravitational force F g . Therefore, the collapse of the compact object to a point singularity may be avoided during the gravitational collapse. In conclusion, the presence of anisotropies within the stellar configuration enhance the equilibrium of the system.
Then the TOV equation describing the equilibrium condition for an anisotropic fluid distribution is given by
Fg − dp r dr
The explicit expressions of these forces are
We can observe from figure (13) that the model is in equilibrium under the mentioned forces. to be an admissible solution from both the physical and mathematical point of view. It is remarkable to mention that the present model is free from physical and geometric singularities ( Fig. 1) , furthermore the energy density ρ, the radial p r and tangential p t pressures are completely finite and positive quantities within the stellar configuration (Fig. 2) . Moreover, the energy-momentum tensor associated with this anisotropic matter distribution is well behaved, it can be seen from the graphical analysis of the energy conditions (Fig. 5, 6 and 7), additionally the central Z 0 and the surface Z s redshift are both positive and bounded (Fig. 9 ).
On the other hand, the system is in equilibrium under three different forces, namely the hydrostatic force F h , the gravitational force F g and the anisotropic force F a (Fig. 13) . The latest one causes a repulsive force that counteracts the gravitational gradient, this is so because we are in presence of a positive anisotropy factor ∆ as can be seen in Fig 3. As was pointed out by Ruderman [6] and Canuto [7] in their early theoretical works, anisotropy can arise in ultra high density ranges. Table I shows that the central energy density is within this range, which it in complete agreement with many other reported results in the literature . Respect to the stability of the model, it was studied analyzing Abreu's criterion and the relativistic adiabatic index Γ. From the point of view of Abreu's criterion the model is completely stable, because the radial sound speed v r is always greater than the transverse sound speed v t everywhere within the star (Fig. 10) , besides there is no change in sign Fig. 11) . Finally, the relativistic adibatic index Γ is greater than 4/3 and increases monotonically outward, it means that the system is stable.
